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ABSTRACT 

In order to understand more fully the wind generation of 
water waves, the oceanographer should have a better knowledge 
of the turbulence structure of the wind field immediately above 
a water surface. 

Measurements of atmospheric turbulence about three inches 
above the surface of a lake, using a hot-wire anemometer, were 
made. The analog signals were recorded as DC voltages ona 
magnetic tape recorder. The analog data were converted to 
digital form to permit sibsMeleme ceeteocacton of power spectral 
densities using a high-speed digital computer. 


Average power spectral densities from 0 to 20, 0 to 500, 


and 0 to 1000 cps, respectively, are presented. 
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1. Introduction 

The fact that the wind generates and maintains waves on the 
ocean surface and provides the driving force for many ocean 
currents has been well known for many years. The exact mechanism 
by which the wind produces these effects is, however, not well 
known, Prior to understanding completely the nature of the air- 
sea interaction, the oceanographer must describe accurately the 
properties of the wind field immediately over the ocean surface. 

Most analytical calculations of the rate of energy transfer 
from the wind to progressive water waves have used the assumption 
that the air flow over the water surface is basically laminar. 
This assumption, which, in effect, neglects atmospheric turbu- 
lence, is not realistic if the wave-generation process is to be 
completely understood. 

Measurements of turbulence in the wind field in the first 
few inches above a water surface would contribute to a better 
understanding of the interactions between air and sea. The object- 
ives of this research, therefore, have been threefold: 

1. To develop and test a data-collection system capable of 
measuring and recording turbulent fluctuations in the natural 
wind immediately over a water surface. 

2. To make recordings of wind turbulence in the first few 
inches above a water surface. 

3. To compute power spectral densities (PSD's) from the 
recorded data. 

Although the system developed is restricted to use in a relatively 


shallow fresh-water lake, the results obtained and the experience 


gained may serve as a foundation for further work in this 
field at the Naval Postgraduate School (NPGS). 
2. Description of Observations 

In order to measure and record the turbulent fluctuations 
in the downstream component of the wind field, it was necessary 
to devise a data-collection system suited to the task. Following 
a careful search of the literature pertaining to this problen, 
and after a survey of equipment available at the NPGS, a basic data- 
collection system was selected. Figure 1 is a block diagram of the 
system used in this research. 

The instrument used for measuring the turbulence in the wind 
field was a constant temperature hot-wire anemometer, Security 
Associates Model 200. This anemometer, which consists of a high 
gain constant temperature amplifier coupled to an analog computer 
System, gives an output which is linear in velocity and zero for 
zero velocity. The accuracy of the analog transfer function is 
better than 0.5 percent over the operating range (DC-50 kilocycles 
per second). The hot-wire probes consisted of tungsten wires about 
0.0015 inches in diameter and 0.090 inches in length. 

The signal from the anemometer was recorded on an FM channel 
of a magnetic tape recorder, the AMPEX Model CP-100: a 14 channel, 
solid state, portable instrument. Recordings were made at a tape 
speed of 3.75 inches per second, giving a frequency bandwidth from 
O to 1250 cycles per second (cps). Before recording, the recorder 
was calibrated in accordance with the standard procedure outlined 
in the manufacturer's instruction book. The signal from the 
anemometer was biased so that the turbulent fluctuations were 


recorded about zero volts DC. This was necessary to insure that 
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the recorder signal remained within the voltage limits of the 
analog-to-digital (A/D) converter usedin data processing. The 
biased signal was then amplified (x3) and monitored on an oscil- 
loscope to insure that the correct biasing was maintained. 

Before collecting data in the field, the system was tested 
using fan-generated wind over a wave tank. The test signals 
were recorded and analyzed. The results of the test runs indicated 
that the system was functioning properly. 

In order to maintain the hot-wire probe at a constant distance 
above the mean water level and normal to the mean wind field, a 
special wind vane and probe mount were constructed (Figure 2). 

At 1600, 7 April 1967, the equipment was set up at Roberts 
Lake, Seaside, California. This site was selected because of its 
relatively unbroken wind field, its close proximity to the 
Naval Postgraduate School, and the availability of electric power 
for the equipment. Roberts Lake lies 500 yards inland from the 
Seaside Beach, which borders Monterey Bay. The lake, which is 
about 500 yards long and 200 yards wide at the center, is approx- 
imately oval shaped, with the long axis running parallel to the 
beach. 

The wind vane, with the hot-wire probe mounted about 3 inches 
above the mean water level, was set in about 2.5 feet of water at 
the downwind end of the lake. This position gave an unbroken 
fetch of approximately 75 yards. The signal was recorded for 
30 minutes with the wind vane free to fluctuate in the wind field. 
During this period, it was noted that the vane had a tendency to 


oscillate about the direction of the mean wind. Upon completion 
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of the 30 minute recording period, the vane was fixed so that 
the hot-wire probe was approximately normal to the mean wind 
direction; the signal was then recorded for an additional 10 
minutes, 

During the recording period, the average wind speed varied 
between 6 and 8 knots, with the gusts up to 12 knots. The signif- 
icant wave height was 1 to 2 inches, the significant wave length 
15 to 20 inches, and the significant wave period 1 to 2 seconds. 
Since no accurate measuring devices were available, these values 
were Subjectively estimated. 

3. Method of Analysis 

Based upon the results of Pond et al. (1966), it was expected 
that a large percentage of the turbulent kinetic energy would lie 
in the frequency range from 0 to 5 cps. The analog equipment 
available at the NPGS was not capable of meaningful analysis in this 
frequency range. For this reason a digital method of analysis was 
chosen. 

Atmospheric turbulence is believed to approximate a stationary, 
random process. It is suitable, therefore, to apply the Blackman 
and Tukey (1958) method of analysis to compute the PSD. This method 
uses the fact that the PSD can be expressed as the Fourier transform 
of the autocorrelation function. The method readily lends itself 
to the computation of the PSD using a high-speed digital computer. 

In order to convert the continuous record of analog data, 
which were in the form of varying DC voltage levels on a magnetic 
tape, to one of discrete data suitable for digital computation, it 


was necessary to sample the data at equally spaced time intervals. 
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This was accomplished by using a CDC 160 Computer coupled to an 
A/D converter for input and CDC 163 Tape Unit for output. The 
digitizing program, PROGRAM POWSPEC, is capable of sampling the 
data at a maximum rate of 5000 discrete sample points per second. 
This allows computation of the PSD's in the frequency range from 
O to 2500 cps. 

The final step in the analysis of the data was the computation 
of the PSD's, using PROGRAM POWSPEC, a FORTRAN 63 program, in a 
CDC 1604 Computer. Detailed discussions of the A/D conversion 
and PSD program are given in Appendices A and B. 
4. Results and Conclusions 

The record was processed to obtain estimates of the power 
spectral densities from 0 to 1000 cps, 0 to 500 cps, and 0 to 20 
cps, using low-pass filters to filter out undesirable high-frequency 
noise and to prevent "aliasing" of high-frequency energy into the 
low-frequency end of the spectrum. The record was processed also 
from 0 to 1000 cps and 0 to 500 cps without filters for comparison 
with the filtered data. The power spectra were further categorized 
according to whether the wind vane was free to oscillate about the 
mean wind or was held fixed into the mean wind. Due to the unusual 
design of the hot-wire probe mount, calibration of the anemometer 
system was impractical. Only the relative contributions of spectral 
energy from the various frequencies, therefore, were measured. 

Five spectral estimates in each category were averaged to obtain 
an approximation of the power spectrum in that category. At the 80- 
percent confidence level, an estimate of any single value in the 
average spectra lies between the percentages of the actual value 


as tabulated below: 


nS 


Frequency Number of Number of Percent of 


Range (cps) Data Points Lags Actual Value 
0-20 4000 500 79-123 
0-500 4000 125 89-111 
0- 1000 4000 250 85-115. 


The average power spectra are graphically presented in Figures 3 
through 9. The values from which these spectra were plotted are 
included as Tables IV through X in Appendix C. 

An examination of the 0 to 1000 cps and 0 to 500 cps spectra 
(Figures 5 through 9) shows that most of the energy lies in the 
frequency range from 0 to 50 cps. Energy peaks occurring beyond 
about 50 cps appear to be randomly distributed with frequency. 
Some possible causes of these peaks are mechanical vibrations in 
the wind vane, noise in the electronic equipment in the data-col- 
lection and processing systems, and changes in the level of turbu- 
lence in the wind field. The addition of filters during data 
processing produced no meaningful changes in the average Spectra. 

A high-resolution analysis of the 0 to 20 cps frequency band, 
using a 20 cps low-pass filter, was made. The average spectra in 
this frequency band, with the vane free to oscillate and with the 
vane fixed, are shown in Figures 3 and 4, respectively. Although 
the total energy computed in the fixed-vane case is greater, the 
differences between the two spectra are not considered significant. 

The significant frequency range of the water waves present 
during the observations, based on a subjective estimate of the 
significant wave lengths, was computed using the small-amplitude 
relation of frequency to wave length (f = [5.12/L]*). The 
frequency range of the water waves thus computed was 1.7 to 2.1 cps; 


this range has been indicated by the vertical dashed lines on 


14, 


Figures 3 and 4. On each of these two average spectra, an energy 
peak appears within the frequency range of the water waves. These 
peaks are attributed to the influence of the water-wave undulance 
on the turbulence structure of the wind field. It should be noted 
that, although the probe was only about twice as high above the 
mean water surface as were the water waves, the undulance of the 
water waves seems to contribute a relatively small percentage of 
the total turbulent energy. 

PROGRAM POWSPEC estimates the total energy in two different 
ways: (1) by computing the variance of the 4000 data points and 
(2) by integrating the power spectrum by application of the 
trapezoidal rule. The ratio of the two energy values thus obtain- 
ed gives the fraction of the total energy accounted for in the 
power spectrum. The value of this ratio is called XFACT in the 
program. If all of the energy is accounted for in the power 
spectrum, XFACT will equal unity. 

The average XFACT in the 0 to 500 cps and the O to 1000 cps 
power spectra, using a 4 cps frequency interval, was about 0.80, 
indicating that the power spectral estimates did not account for 
nearly 20 percent of the energy. Spectra in these frequency: ranges 
were recomputed using a 1 cps frequency interval, and XFACT increased 
to about 0.90. The shapes of the spectra were unchanged. The power 
spectral estimates for the 0 to 20 cps spectra, using a 0.1 cps 
frequency interval, accounted for about 94 percent of the energy. 
XFACT apparently can be made to approach unity by decreasing the 
frequency interval. This is probably true because as the number of 


estimates is increased the trapezoidal rule provides a more accurate 
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approximation of the value of the integral of the power spectrum. 
The confidence in any single value in the spectrum, however, is 
decreased when the number of estimates is increased. 

In every power spectrum computed a large spectral density 
value was obtained at zero frequency. In every average Spectrun, 
the maximum spectral density value was obtained at one frequency 
interval above zero frequency. Precautions are taken in PROGRAM 
POWSPEC to prevent unrealistic values of power density at or near 
zero frequency in that the mean of the data is subtracted from 
each data point before computing the PSD's, as suggested by 
Blackman and Tukey (1958). The significance of the large spectral 
density values remaining at the very low end of each spectrum is 
not fully understood. 
5. Recommendations for Future Work 

1. A detailed analysis of the very low frequency end of the 
Spectrum should be made to determine more accurately the distribution 
of energy in this frequency range. 

2. A float-mounted probe should be used to measure the turbu- 
lence in the wind field at a constant distance above the actual 
water surface. A comparison between spectra thus obtained and the 
spectra obtained at a fixed level above the mean water surface should 
be made. 

3. Crossed hot-wire arrays anda multichannel hot-wire anemometer 
should be used to meaSure the downstream and transverse components 
of atmospheric turbulence in order to compute co-Spectral densities 


and Reynolds stresses. 
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APPENDIX A 


ANALOG TO DIGITAL DATA CONVERSION 
1. Introduction 

The analog data, recorded on magnetic tape as a varying 
DC voltage, is converted to digital form in order to use a high- 
speed digital computer for analysis. The output data from the 
AMPEX CP-100 Recorder is fed through an analog-to-digital (A/D) 
converter. The digitizing computer, CDC Model 160, alternately 
activates the Af) converter for data input and the tape unit, 

CDC Model 163, for data output. 

The CDC 160 Computer has a 4096-cell memory. Each cell 
contains 12 bits. The top 96 cells are used for programming, 
while the lower 4000 cells are reserved for data storage. A 
block diagram of the digitizing system is shown in Figure A-l. 
When the A/D converter is activated and the input instruction 
executed, the analog input data from the recorder is sampled and 
a 12-bit number, representing signal amplitude, is sent to the 
CDC 160 and stored. This process is repeated in rapid succession. 
Blocks of up to 4000 samples can be stored and the maximum sampling 
rate is 5000 samples per second. 

The normal mode of operation is to initiate each block ina 
run by a manual gating pulse on the A/D converter. The computer 
controls the inter-sample delay time. Automatic pulsing, in 
which the computer controls the gating of each block in a run, is 


also available. 


a. 








2. Calibration 

Prior to the actual digitizing process, the system must 
be calibrated using a test program, TEST 160 (Table I). In 
PROGRAM TEST 160, cells 0000 to 0017 contain a program which 
accurately sets the -5.0 volt bias voltage required by the 
A/D converter. If the bias voltage is properly set at -5.0 
volts, with no input signal to the A/D converter, the value 
of the conversion, as indicated in cell 0004, should be 0000 
or 7/77. Small variations in the bias voltage, which are to 
be expected during the course of a run, are eliminated by 
removing the mean of the data during computation of the 
power spectral density. 

Cells 0020 to 0045 in PROGRAM TEST 160 contain a program 
to set the inter-sample delay time accurately. The input 
request pulses to the A/D converter are observed on an oscil- 
loscope. The inter-sample delay time can be adjusted to the 
desired value by manually changing the timer-control word in 
the program (cell 0042). Figure A-2 is a plot of timer-control 
word (octal) versus inter-sample delay time. 

3. Digitizing the Analog Data 

After the calibration procedure is completed, PROGRAM 

DIGITIZE (Table II) is read into the computer. The following 


manual entries into PROGRAM DIGITIZE are required: 


Cell No. Contents Remarks 
0066 Timer Control Word See Figure A-2 
0067 Spare Identifier Any number =11 7 
0070 Initial Run Number Set as OO01 
0071 Number of runs desired 
0072 Number of samples/block $7640, = 4000, 
0073 Number of blocks/run. 
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Each block of digitized data is labeled with a l6-digit 
octal identifying number so that the block can be recalled 
for computation in the main PSD program. Four quantities are 
specified in the identifier: 

. Current run number - steps once per run 
. Spare ID - may be set to any number $7777. 


- Current block number in the run 
- Number of blocks per run. 


ZHWNM re 


As an example, assume that ten runs, forty blocks per run, 
with the spare ID set at 0015, are being used. If the fourth 
and fifth blocks of the sixth run are recalled, the identifiers 
would appear in the CDC 1604 as follows: 


0006 0015 0004 0050 
0006 0015 0005 0050. 


Exact records of the identifiers must be kept while digitizing, 
as this is the only means of recalling the data desired for 


computation in the main program. 
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FIGURE A-1 
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200 
70 
50 
50 

LQ 
30 
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FIGURE Aew2. INTER-SAMPLE DELAY TIME VS TIMER CONTROL WORD 
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Contents 


7500 
2410 
7500 
1401 
7600 
4070 
7500 
2401 


7303 
0072 
6102 
0070 
0400 
4071 
6414 
7700 


7500 
2410 
7500 
1401 
7600 
4143 
0300 
0300 


0300 
0300 
0300 
0300 
0300 
0300 
2042 
0701 


6501 
7044 
M 

0043 
0022 
7701 


TABLE [ 


Code 


EXFOO 
2410 
EXFOO 
1401 
INA 
STD70 
EXFOO 
2401 


OUTO3 
0072 

NZFO2 
0070 

LDNOO 
STD71 
ZJB14 
HLTOO 


EXFOO 
2410 
EXFOO 
1401 
INA 
STI43 
NOP 
NOP 


NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
LDD42 
SBNOL 


NXBO1L 
JPI44 
M 
0043 
0022 
HLTOL 


M is manual entry. 
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PROGRAM TEST 160 


Explanations 


Begin Bias-set 
Set Enable 


Call A/D.Channel 1 
Input to "A' in Reg. 
Store "A" in 0070 


Call D/A Channel 1 


Output Cell 0070 to 
Cell 0071 INC. 


Load zero's. 
Store in 0071 
Jump back to 0000 
HLT. End Bias-set 


Begin Timer 
Set Enable 
Call A/D Ch. 1 


Store Sample in 0043 
No Operation-NOP 
These are Time 


Dummies to 
Match Program DIGITIZE 
Timing 


Load Timer Control Word 
Subtract L 


If not zero, go back l 
If zero, iump to 0022 
Timer Control Word 


End Timer 


Cell 


Contents 


0101 
0603 
7064 
7500 
2410 
7500 
1401 
7600 


4176 
2076 
3465 
6134 
7500 
2400 
2074 
4160 


2067 
4161 
2075 
4162 
2073 
4163 
7500 
ZAULL 


7303 
0000 
6102 
0133 
2246 
4076 
2075 
3473 


6155 
0401 
4075 
5455 
3454 
6153 
6061 
5476 


TABLE II 


Code 


PTA 
ADNO3 
JPI64 
EXFOO 
2410 
EXFOO 
1401 
INA. 


STI76 
LDD76 
SBN65 
NZF34 
EXFOO 
2400 

LDD74 
STI60 


LDD67 
STI61 
LDD75 
STI62 
LDD7 3 
STI63 
EXF00O 
ZIT 


OUTO3 
C 
NZFO2 
0133 
LDF46 
STD76 
LDD75 
SBD73 


NZF55 
LDNOL 
STD75 
AOD55 
SBD54 
NZF53 
ZIF61 
AOD7 6 
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PROGRAM DIGITIZE 


Explanations 


Jump to INITIAL 
Set Enable 


Call A/D Channel 1 
INPUT 


Store sample in (0076) 


Enough samples yet? 
If not, go to cell 0047 


Clear Enable 
Load Current Run No. 
Store in cell 0133 


Load Spare ID. 

Store in cell 0134 
Load Current Block No. 
Store in cell 0135 
Load No. of Blocks/Run 
Store in cell 0136 


Call 163 M.T.U. 


Output from 

computed L.W.A. 

to 

0133 

Set A-0137 

Reset running storage address 
Enough Blocks yet? 


If not, go to cell O115 


Reset block no. 

Update total block count 
Check if capacity exceeded 
If not, go to cell 0120 

If not, go to cell 0127 
Begin intersample delay loop 


Contents 


2066 
0701 
6501 
7056 
0760 
0000 
0005 
0003 


0133 
0134 
0135 
0136 
0100 


OQGQoosk aes = =O 


077 
2200 
0137 
4076 
3072 
4031 
0701 
4065 


2070 
4074 
0401 
4075 
7077 
9475 
59455 
1657 


Code 


LDD66 
SBNOL 
NZBO1 
JPI56 
0760 
C 
0005 
0003 


0133 
0134 
0135 
0136 
0100 


Qi Of = Sms SO 


64 
Qw 
om 
Om 


0137 

STD76 
ADD72 
STD31 
SBNO1 
STD65 


LDD70 
STD74 
LDNO1L 
SIDS 
JPI77 
AOD75 
AOD55 
JPI57 


TABLE II (continued) 


Explanations 


Load intersample delay word 
If not zero, go back l 

If zero, go to cell 0005 
0760-M.T.U. block capacity 
Total No. Blocks written 
Address 

Address 


Address of Current Run No. ID 
Address of Spare ID of ID 
Address of Cur. Block No. ID 
Address of Tot. Blocks ID 
Address of INITIAL 

Address of last word of data 
Intersample delay word 

Spare ID anything 


Initial Run No. Set 1 
No. runs desired 

No. samples/block 7640 
No. blocks/run 

Current run no, 

Current Block Number 
Running Storage Address 
JUMP CONTROL 


BEGIN INITIAL 


8 


Set “A'™ -0137 

Initialize running storage address 
Compute last address 

Store in 0031 


Store in 0065 


Initialize Run No. 


Initialize Block No. 

END INITIAL 

Update Current Block No. 
Update Current Block Count 
Go to 0003 


Cell Contents Code Explanations 
0120 2074 LDD74 Have enough runs 
Z1 3471 SBD7 1 been done yet? 
yap | 6103 NZFO3 If no, go to 0125 
23 2074 LDD74 If yes, display last run no. 
24 7701 HLTO1 Halt O1 
25 5474 AOD74 Update current run no. 
26 7057 JP1I57 Go to 0003 
Za, 7500 EXFOO Call E.0O.F. 
0130 1111 1111 Write an EOF Mark 
31 2055 LDD55 Load block count 
32 7702 HLTO2 Halt 02 
33 C Cc RUN #ID 
34 C C SPARE #ID 
35 C C BLOCK #ID 
36 C C BLOCKS/RUN ID. 
0137 D D Data Storage 
4 D D 
7776 D D Data Storage 
Note: 


TABLE II (continued) 


C is PROGRAM COMPUTED ENTRY 
M is MANUAL ENTRY 
D is DATA STORAGE 
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APPENDIX B 


PROGRAM FOR COMPUTING POWER SPECTRAL DENSITIES 


1. Introduction 

After the digitizing is completed, the magnetic tape 
contains binary numbers, the form of which is suitable for 
the computation of power spectral density (PSD) by a high- 
speed digital computer. PROGRAM POWSPEC, a FORTRAN 63 program 
which uses the Tukey method with a hanning lag window for 
smoothing, is used to compute the PSD (Table III). This 
program is available at the Naval Postgraduate School. 
2. Data Recall 

The data in digital form are recalled in PROGRAM POWSPEC 
by calling SUBROUTINE DATA, which uses two subroutines, FINDIT 
and UNPACK. SUBROUTINE FINDIT locates the data on the tape and 
SUBROUTINE UNPAC*% unpacks the block of numbers into the memory 
of the CDC 1604. The data to be recalled is designated by its 
16-digit octal identifying number. 
3. Main Program 

The unpacked data is in the memory of the CDC 1604 in 
integer format. PROGRAM POWSPEC converts the data to floating 
point format, divides each data point by -409.6 (which reconverts 
the data point to the voltage which it represents), and removes 
the mean of the data. The program then computes the mean square 
and the autocorrelation for each lag. By means of a Fourier 
cosine transform the power spectrum is computed from the auto- 
correlations, The PSD with respect to frequency is then normalized 


with respect to the energy at zero frequency. The program prints 


36. 


out the autocorrelations and the PSD's versus the frequencies, 


and plots a normalized frequency spectrum. 


4. Data Cards 


In order to compute the frequency spectrum certain data 


cards are required by the main program. These cards are as 


follows: 


1. Data Control Card 


a) 


b) 


€) 


d) 


e) 


f) 


ITAPE - indicates whether data is read in from 

tape or cards. ITAPE = 0 for tape data and 1 

for card data. 

IDELTA - indicates that every IDELTA data point 

is to be used in the computation of the frequency 
Spectrum. If every data point is to be used, 
IDELTA = 1. 

DELTAT - the inter-sample delay time used when 
digitizing data. 

ISTART - indicates which data point is the starting 
point for the computation. If the computations 
begin with the first data point, ISTART = l. 

IMAX - the maximum number of data points to be used 
for computation. If data is read in from tape, 
using the CDC 160 digitizing process, IMAX 34000. 

M - the number of estimates to be used in computing 


the frequency spectrum. 


2. Graph Control Card 
a) ABS - the number of units per inch for the 
abscissa. This number is rounded to one signif- 
icant figure by the progran. 
b) ORD - the number of units per inch for the 
ordinate. This number is rounded to one signif- 
icant figure by the program. 
c) IWD - width of graph in inches (1 S IWD S 9). 
d) IHI - height of the graph in inches (1 = IHI <= 15). 
3. Other Data Cards 
a) NUMHDR - the number of blocks to be computed. 
b) Block Identifier - a 16-digit octal number 
assigned during the digitizing process. 
c) Graph Identifier - an eight character alpha- 
numeric graph identifier. 
5. General Comments 
The maximum frequency (foe) to which the frequency spectrum 
may be computed is controlled by the selection of DELTAT (AT). 
This must be determined before digitizing. The following equation 
applies: 


cone = iL) Leal d 


The number of intervals between zero frequency and the 
maximum frequency is determined by M, the number of estimates, 


in accordance with the following equation: 


Af = 1/[2ATM]. 


YOHWNANS T=N 2 OG 
YOHWNNS OTT OV3y 


SONIGV3H 4O *ON=YGHWNAN 
NOILINGONd YOs HONVNA SIHL 3SN--NI aV3Y VIVO 3advVl LYVIS 

O€ O1 09 

(OOTST=1S(T)d) (90T¢9)31TUm 

(GOT*9)31L1UM 

(XVWIST=IS( Td) (2004S) ava" 

ANNIANOD VW HLIM 39V1dauN ONY TT INaW3LVLS 3AOWANSVIVG GYY> 4I 
S3SOduNd LS31 YO4 HONVUG SIHL 3SN--NI Gvay GYvD VIVO LUYVIS 
6*6*9(T-adVII) aT 

OI-XWWi=ravi 

T-LUVISTs0I 

WSXYWIS LHVISTSIVITFGSVITSOLSadVLT (TOTS9) 311M 

(7OT*9)317UM 

IHT*GMI*quossay (9TT*S) avay 
WSXVWISLYVIST SIV ITI0*VITIGTS3dvil (TOT*S) avay 

(EOTS9)3LIUM 

ViVO GUVD YO4 T=*3dVl YOS O=A3dVLI--3dV1 NO SI ViVd 4I GNI4 
Guy) YO 3dvl AG NI OV3N VLVG--dYv> TOYLNOD VIVO SI dais LSury 
(d*VLVYG9) SDN3ITVAINOR 

VLVG¥ NOWWOD 

(O9TIdINS4(09T)31VG NOISNAWIG 

(ZT)AILTLI NOISNAWIG 

(002) 1N301*(Z7*000%)¥LVGX NOISNAWIG 

(000€)D* (009) NV1* (009) 03N4* (009) X* (009) V4 (000%)d NOISNAWIQ 
S3ILISNAQ WuLIadS YSMOd ONILYWI1S3 YO4 GOHI|W AZINE 

DAdSMOd WVN9ONd 


B, 


eae 1° NIL dm 
“O0002S STS TS29/0S=S/HGzGH/3/SC/ST/S/6N/0/T/I1S1SHdAVIS*S KOE * dO00D- 


OHdSMOd WVHDOdd 
ITI WiIadvs 


B9.. 


WASV-(T)d=(I)d 
VLISOISCQOVIST=HI ve OG CE 
(Z7V)/(WNSV)=WNSY 
O°T+((VLISOI)/(T-COVI))41V0045=72y 
Q31NdWOD ONISE S3qdwWvS VIVO 40 Y3SEWAN SI ZV 
JANILNOD ZE 
(T)d+WNSV=WNSy: 
VLiISOISrFaviI*T=I 2€ 00 Te 
O°O02WNSY O€ 
SISV@ 3OVYSAV NO WH3L > GA LINO 3dIM OL VIVO LINdNI 3ZI7VWYHON 
Of OL O9 
(OOTST=HIS (I )d) (90TS9)SLI4M 
(SOTS9)3SLIUM 
(9°60H-)/(F Id=(fid TT 
(IST )VIiVON=(C)d OT 
T=! 
XVWI*T=f TT O@ 6 
00S Ol O9 
INSOISN (ETTS9ISLIUM 
(ZTT*S9) SLIM 8B 
8*6*B8(9OV ISN) SI 
(OV TANS IST INS XVWSINSOI) WLiVO WIVD 
XVWI=XVW 
T2zlSI1y 
(NY LINSQCT=LN301 
YGHWNN*ST=N 00S OG 
WYY9ONd SYILNS NO d0O7 Od NIVW 
(YOHWOANS T=NS (ND INSOT)ICTITS9) SLIM 
(oTTSO)SLIUM 
(NY INSOTSTIT aVay 2 


(penuyzquoo) III AIavl 


40. 


0°O2WNSV 
OYsZ=O039Ns LV ALISN3SQ Wweld3dS YA”Od---ON3ZX GNI 
SNNTILNOD 

WNSI#WNSEe( ZH#Z7V)-(WASV De (ZV) E( 0) ¥ 

(T-T+C (vi T3g1)/(T-FOV1)))431V0145/(0°T) =Zy 
AINNILNOD 


(1) d+WNSd=WNsS). 


(71) d+WnS@=wnse 
(1) de (ZI) d+wnsv=wnsy 

(VL7301"#7)-1271 

VIIFOI*ravI*ZW=I Ss» Oa 
(T+V17901#7) =2W 

— .0°0#WNSD 

0°O0=WNSa 

0°O0=WNSy 

W*T=1 9% 0@ 

W*T=7 YOd (1)¥ SNOILYT3ZYYODOLNY ANI 
Z7V/WNSV=0N3ZV 

JINNILNOD 

74% (1) d+WNSVeWNSy 

VIISGI*ravi‘t=I 24%.0@ 

0 °O=2WNSY 

OY3Z=NVL LV NOILVI3NNODOINVe’S*I ONSZV JYVNOS NV3W ONIS 
INNILNOD 

O°T+SISV=SISY 

SISW2(1)dINS 

(I)d=(1)3a1va 

O9T*T=I1 SE Oa 

0°0=SI1Sy 

INNILNOD 


(penutquoo) III WIavs 


OS 


9b 


SY 


ry 


€ 


c 


TY 
Ov 


SE 


7E 


(VIVeHZV+WNSV=EWNSY 
VAS D#(1S940°T) =Zy 
ZWST=1 SS O04 

TNS= INS 

TSD=1S) 

YNS= TINS 


WSI=VASD 


0°0=WNSy 
WST=% 6S OG 

INS=YNS 

TSD=NSD 

WST= LY WNYLD3dS YAMOd—---(4)X GNI4 
(ONIZV+WNSV ) #70=0N37X 

W4/S* =7q 

3NNILNOD 

TNS= "INS 

T1SD=1S) 

INS#1SD4+TSD#INS=TINS 

INS# INS-1SD#1S92T 1S) 

(7) V#27V+WNSVEWNSY 

1$9+0°*T=Zy 

SSILILN3ZGI *O1ML WONS WNS 3NISOD GNIG 
YOLDV4 ONINNWH=Zy 

ZW*T=1 26 0G 

INS= INS 

TSDe1S) 

(W4/6ST¥T°€ )ANIS=INS 

(W4/6STHT °E)4SOD=TSD 

(W) dLVOT4=W4 

I-W=7W 


(penuyt zuod) III FIV. 


7G 


ES 


cS 


TS 


4}. 


OYNSZX=(T)X 

JANI LNOD 

(I)vV=(TOOT Td 

(I)xX2#(T Id 

, W*T=I 19 OG 
OU3SZ7V °L°UeM NOTLVISYYODOLNY 3ZI7VWYON 


NOT LVISYNODOLNV 3Z1IVWHON: 
NOTiVYsdO LAIHS ONTIYUNG Vivd (I1)d JO 35VdS 39VYHOILS 3Sn 


LSTHS Y3LsV T= LV LYVLS TWIIM O34 OYS7--S3DIAGNI LITHS 


JNNILNOD 

TYNS=YNS 

T¥SD=YSD 
INS#1SI+1SD#INS= TINS 
INS#INS-TSD#¥SD=TNSD 
(OUIZV+WNSY ) #702 (4) X 
W4/70=79 

@¢ OL 09 

S* =7q 

8S O1 09 

O*°T=74 

LG*LG*9G(W-W) AT 
INNTLNOD 

TTINS# TING 

. TAISD=1ISD 
YNS #TNSI+NSI # TING =TTING 
INS #TYNS-ISD# TNS =T ISD 
TINS=1NS 

T9$9=1S) 
INS#1S9+TSD#INS=T INS 
INS# INS-TSD#1S9=11S) 


(penutquoo) TIT Favs 


19 


09 


6S 


BS 
LG 
9S 


SS 


VVUVUYU 


43. 


(SOTS9)3SLIUM 

ONSZVFLIVAX (LOTSIOISLIUM 

(COT*9) JLIYM 

SNOTLINULSNI 1NO JLIYM WNYLIIdS Y3MOd 
JANTLNOS 

LVilsa0+(WIAVL=(T+HO NVI 


(ZV) /(0°T) + (9) 0942 (T+) O3NF- 


AONSX/ (ND) Ke( ZV) z(0)X 

Wje( LV11530)#0°zZ=7Zy 

ZW*Tt=x 89 OQ 

T+W=ZwW 

0°O02z(TINVL 

0°0=(1)03u4 

AONSX °1L°H°M JZIIWWHON--—(SdD)034NS PL°YPM ALISNIG WHLD3dS NIVLIGe 
ON3S7V/AONSX=1L59V4xX 
JONVY °O3eys GSLVINIWSD NI AOYSNS WLOL JO NOILDIVYHS GNIZ 
((T+W) X+WNS We °7Z+(T)X)2S°O2ADONIX 

JINNILNOD 

(1) X+WNS VEWNSY 

WéZz 99 O00 

0°O0=WNSYV 

4 XSQNI 3O 3SONVHD LINN *L°u°M ADONING SI (YK JLON 

AONSX SW AODYSNS JNIS3S0---T+W*T=y 40 JONWY HOS 

WNYHLIAdS YIMOd NI GANIVLNOD AOYSNS GNIS OL 31INY WaAlOZ3dVHL Alddy 
JNNILNOD 

(OYSZV)/(000T+I )d=lI)y 

(l)d=(1)x 

ZWézc=!I €9 OCA 

T+W=7Z7W 

O°T=(T)y 


(penuyzuos) III WIavL 


OL 


89 


L9 


99 


c9 


€9 


c9 


VUUYU 


(9TOSXLSET* X04) LYWHOS 

{ ONTQV3H LV Viva YS NI Y¥OUN3S THTE) Lywyo4s 

(9TO*XE) LYWYOS 

(71 *xe) LVWHOS 

(G*OTSSE*ZTA*SG*OTS*E °64) LYWYOS 

(// (O3HYS)NX (Sdd)03uN4S (AVIINY (DASINVL H27) LYWHOS 
(// S$*2@Ts =(0)¥Y H8*S*84 =LDV4SX HB) LYWHOS 

(€*840T) LVWHOS 

(// (OOT*ST=(1)d)--GuYOD3Y VLVG OHOE) LYWHOS 

(//  QYvD TOYLNOD VLIVG HOZ) LYWHOS 

(// "“SIIVI *YdOI-OLNVY ONV ALISN3G WWYLd3dS YSMOdT 
*S3lVwWILlisSda WnNnudtod ads AZAN LL TH66) LYWYHOS 
(7°942T) LVYWYOS 

(v7I*S912*G*°S4*Z1Z2) LYWHOSd 

SANT LNOD 


(ISVISTSTHI SOM S7*740* O80NO*SEVS FTLILI £9980 19040* XS O94 SWI MVHOTIVD 
(ZTISTLILI (STT*S) Gvay 

-YSLVM YHB=z(TTISILILI 

JAO SIN3SHB=(OTISILILI 

WIYNSVAWHB=(6)390LILI 

JONI INGHB=(8)3ILILI 

YNL GNIMHB=(LISILILI 

S3SIH8=(9)39TLILI 

LISNSAG TIHE=(GIZSTLILI 

Ve¥lIAdS H8z=(HISILILI 

YSMOd SdHB=(ECIAILIII 

T3Hd ONVH82=(Z)STLILY 

NVWAV ISH8H(T)SILILI 

H7=74398V7 

(ZWS THANE CHI XS(AIOFZYSS (WIVES (HINVL) (C60TS9)SLIOM 


(penuyquoo) ITI WIV 


ett 
ctl 
eT 
OTT 
60T 
8oT 
Lot 
90T 
Sot 
7OT 


(00 
cOT 
TOT 
00S 


4%. 


( 


QN3 

JANILNOD 628 

(LST TASWIVEVOASWSOEB INIYd LZ8 
XVW *f = W L228 OQ 
€ ~- XVW =f 

(IST TIASWIVIVOASWSOES INIYdg 928 
H*T=W 9728 O€ 
IN3SQI © 828 INIYd € O = OVWI14y 
(CAISTINSTIVIVONS LSI TNS XVWESXDOISI) XDVdNN 1W1VD 

T+¥/XVW=XVWEF E28 

628 OL OD $T=9OVISNG IN3BGI*SGZ8 INIYd $ 428 INIUYd 228 
CCBSECESccB (OWISI) AI 
(OVISTSXVWSINSOIILIONIS W1V5D 

(9TOSXESHISXTILYWHOS O€8 

( 9TO0* AG G30V3SH VIVO GSXDVdNN SJAVH I OHEE)LYWHOY 8z8 

(9TO*XOS)LVWHOY SZ8 

YSO0VSH LV ANI LNOYENS LIGQNIS NI G3exuNDDO YOUNA THB) LVWYHOS #78 
6CBSBCBSSCBES HCBSEcTESCCBSVIVA NI G3SN SON LNSWNOISSY 
QYOM O9T/QYOM #09T JNO SISIX3 3Y3SHL ADVdNN Y3L4v 
LIGQNIS YS ANY WOIVdNN YS NO S171VD VLiVd 3NILNONSNS 
LST VA AG G3ONSYSIIY ST ANY LSI LNdLNO 3HL SI Vivay 
WIOTEGI SVLVAX NOWWOD 
(Z*O007) VIVONS (TOOT) ADOIGI NOISNIWIG 
(OVISNSLST INS XVWS INGOT) VIVO SNIINOYNANS 


VYUUYU 


QN3 
(E€l?*h°OtTsz) LVWHOS OTT 
(8V) LVWYOY STT 
(// YOHWANST=NS (NI) SNSOI H22) LYWHOS HIT 


(penut4yuoc) TII WIavL 


45. 


¥¢ 


QN3 


JNNILNOD 

T=9V141 

INSQI*9TS INIYd 

O28 INIUd 

T28 OL OD S$IN3SGI*8T8 LNIYd $ O0=9VI4I 
608*ZL18*608( Vd!) SI 

LT8 OL OD SINAQIS9TS INIYd $618 LNIYd $718 INIUd 

6T8 OL O9 ST GNIMSY 

Z£08 OL O9 $T=uvVd!I 

S08 OL O09 $ dwnr OL ZT8 NOISSY $T ONIM3Y 

(ZT8*STTB8) *dWNF OL O95 

SOBS*ETE*G08 ( (TI ADOIGI-LNIGI) SI 

OT8*808*2084908 (TSLINA)SI 
((CTXVW)WOOTEI 4 (TI ADOTIGI)D (T*T) NI Y344NG 

dwnr O1 TT8 NOISSY $ T + #/XVYW=TXVW 

(SMO1103 SV ONIQVSH 3LVD01 OL SISVWNN HBE) LYWHOS 

- ( 7 Owe AG G3aQGWSH VLVG d31V501 SAVH I TH2E) LYWYOS 
(9TO*SXEE) LYWHOS 

(SMO1I03S SV YAGVSH LV G3SY¥YyNDDO YOUNS ALIYWd HS) LVWHCS 
(G3dd0l1S LON SVM NNY LNG G3L153130 SYM YOUNS ALIYWVd V THES) LYWHOS 
ADOII *VLVAAY NOWWOD 

(TOOT) ADOIGI SE (240007) VLVON NOISNAWIO 
(OVISTSXVWSINSGIDLIONIS 3NI LNOWBNS 


(penutquco) III WIavi 


T28 


618 
LT8 
ets 
608 
cts 
OTs 
tte 
808 
L08 
908 
S08 


Oc8 
8T8 
9T8 
Sts 
7T8 


O OLNI GuOM Guye LSAIHS 
(LST WSe+I) wWivady NI 3YyO1S 
ON31LX3 NOIS*1ISNF LHOTY 
934 V OLNI QHYOM Hl LSIHS 
(F) D018! 
VIVO SI ViVOW NI GuOmM ISuyI4s 
ADOIVSI NI Quom Wivda Lsylg 
¢ XJONI 3AVS 

LSNI LIX3 NI 3JyOLS 
SYdgv LIXZ LDd5YNOD 13S 

(1ST WS) vVlvady YOd OLLIA 


(1ST VAS edvivaar YOd OLLIA 


(ISTVASZ)vVLvay 4O SYdV JYOLS 
SYdV JINVAQYV 

(ISTIVXSTIVIvady 4Oo SYdV 3YOLS 
94¥v LX3N 4O SYaV 139 O9 

INNOD dOOT1 NI XVWF JYOLS 

WOVE SNOTLOINYSNI € AG NI G31T1I4S 
SYaVV NI WOO1G!I JO sHyav 


SOM TOOT VLVO NI G3XDVd AD01"E! 
Yq0qv xvwr sI tn 

SOYUV ONITVIVD JO YddV S139 
T-XVWF=LSOW ST 4+%7/XVW=X VW 


Vivd ¥S AB d3711V)D AXOIVdNN YGNS 
VIVONSIST INS XVWrSXDOIEI SOUV 


cl 
HH 
9E 
cl 
abe 
0 

C. 
L11X3 
T+11X3 
c 
ES 
T 
cr 
T 
er 
li 
A 
T 
SYdve 
oz) 
SYavV 
t- 
Vi 
™| 
0 
AIVdNN 
LIX3 
Ht 
ADVdNN 
YOIVdNN 


¢penuyzuoc) III Wav. 


aA N AA 


at 


Sul 
OLS 
Suyo 
Su 
val 
INI 
IN 
VWs 
AIS 
IN] 
Ws 
VNI 
AVS 
VNI 
Ws 
VNI 
AWS 
val 
AWS 
val 
AWS 
VNI 
SUV 
Ws 
val 
AT 
AIS 
rs 
AYILNI 
LNIQI 


tr 


SYdvVV 


™| 


ADVAINN 


9T 


ADVdNN 3NILNOYENS 
ino dwar 
2 X3ONI 3401S3Y 
I X3QNI 3YOLS3Y 
dOO1 Lv3ad3yu T+fr=r 
XVWr NO XSI 
o+l2] 
1X3 NOIS+ ISAFELY MON GYOM LST 
(1SIVN®Z+1)vVLvVaxX NI 3YOLS 
GN3LX3 NOIS *1SNr LHOTY 
934 V OLNI GuOM GNZ L4IHS 
(LSIWNSE+1) vivax NI 3YOLS 
GN31X3 NOIS*® ISAr LHOTY 


(penutquoe) III widv. 


ss 
sed 

oe 
SYavV 
te 


a 
4% 
9€ 
El 
4 
9€ 


eat iN 


NNN 


SINIA 
QN3 
GN3 
cS 
INS 
INS 
rs 
ASI 
INI 
V1S 
O1S 
suo 
su 
OLS 
Syd 


°31ND3X3I- 


LIX3 
Suave 
or 

er 


er 


APPENDIX C 


TABLES OF COMPUTED AVERAGE SPECTRAL DENSITIES 
Five power spectra were averaged for each average power 
spectrum shown in Figures 3 through 9. The average values of 
power spectral density versus frequency from which the average 


spectra were drawn are listed in Tables IV through X. 


50. 


Frequenc cps 


TABLE IV 


AVERAGE POWER SPECTRAL DENSITIES 
0-20 cps, FILTER, VANE FREE 


Frequency (cps) 


Energy 


1.02972 
2.40273 
2.17715 
1.56216 
86354 
.41093 
24272 
19241 
. 14300 
. 12687 
09937 
.07135 
05696 
. 04846 
04885 
04625 
03681 
03897 
03451 
03137 
. 03408 
03898 
03691 
03157 
-OZ312 
01920 
.02404 
02467 
01899 
01789 
01956 
01738 
01548 
01781 
01735 
01250 
.01008 
-O1L71 
01288 
01162 
01053 
00980 
00891 
00885 
00849 
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20.0 


Average XFACT = 


Energy 


00628 
00524 
.00656 
.00739 
.00734 
.00758 
00507 
00462 
00503 
00565 
00358 
00352 
00255 
00329 
. 00366 
00357 
00288 
00228 
00248 
.00312 
00238 
. 00247 
00175 
00161 
00130 
.00117 
00126 
.00096 
00111 
00100 
. 00070 
00084 
00038 
.00045 
00040 
.00024 
00017 
.00011 
00010 
00006 


95139 


Average A(O) = .25695 


TABLE V 


AVERAGE POWER SPECTRAL DENSITIES 
0-20 cps, FILTER, VANE FIXED 


Frequency (cps Energy " Frequency(cps) Energy 
0.0 1.58421 ee 00827 
0.1 2.74913 4.6 .00884 
0.2 1.87637 fT -00917 
Ony3 1.06050 4.8 00836 
0.4 56193 4.9 00744 
Q.5 39477 5.0 00696 
0.6 34068 5a2 .00834 
0.7 , 26455 Se .00651 
0.8 .21270 5.6 .00665 
0.9 .15058 5.8 00471 
1.0 . 10860 6.0 00497 
1.1 10138 6.2 .00661 
Lez 08719 6.4 00438 
133 .08060 6.6 .00516 
1.4 . 08737 6.8 .00494 
le5 .07508 7.0 .00383 
1.6 -05162 Tez -00534 
Lea .04714 7.4 .00431 
1.8 .04651 7.6 -00357 
1.9 04443 7.8 .00452 
2.0 .04520 8.0 .00395 
221 . 03793 8.2 00333 
2 2 .03017 8.4 00285 
2.3 03243 8.6 .00314 
2.4 . 03381 8.8 .00209 
2p .02888 9.0 .00221 
2.6 02345 9.2 .00174 
a7 02105 9.4 .00186 
2.8 .02309 9.6 .00195 
2.9 .02518 9.8 .00166 
3.0 02680 10.0 .00135 
3a) 02716 11.0 .00141 
Jia2 02415 12.0 .00091 
be 02163 13.0 00058 
34: .01860 14.0 00038 
6) .01473 15.0 00036 
3.6 -01297 16.0 - 00022 
S77 01286 17.0 .00018 
3.8 .01403 18.0 .00019 
3.9 -01516 20.0 - 00007 
4.0 .01443 
4.1 01306 Average XFACT = .92798 
(eM .01136 Average A(0O) =..27124 
Les -00940 
4.4 .00853 
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Frequency (cps) 


184 


Average XFACT 
Average A(0) 


Energy 


12076 
.12954 
.01088 
.00348 
.00227 
.00159 
.00120 
.00098 
.00085 
.00069 
.00054 
.00045 
.00045 
.00047 
.00034 
.00045 
.00057 
.00040 
.00047 
00021 
.00018 
.00048 
.00084 


80523 
24117 


TABLE VI 


Frequency, (cps) 


53h, 


AVERAGE POWER SPECTRAL DENSITIES 
0-500 cps, NO FILTER, VANE FREE 


188 
192 
212 
232 
252 
Zi 
292 
312 
332 
352 
372 
39Z 
412 
420 
424 
428 
432 
452 
472 
492 
496 
500 


Energy 
.00056 


00027 


.00034 
.00041 
.00024 
.00017 
.00020 
00020 
.00038 
.00017 
.00019 
00047 
.00028 


00038 


.00050 
.00053 
.00046 
.00026 
.00042 


00031 


.00040 
.00023 


Frequency (cps) 


136 


Average XFACT 
Average A(0) 


Energy 


.11824 
. 12909 
.01402 
-00562 
.00394 
00261 
.00193 
00159 
.00145 
00121 
.00098 
.00086 
.00076 
.00068 
.00083 
.00086 
.00058 
.00061 
.00044 
.00039 
.00027 
.00113 
.00129 


. 80876 
. 28710 


TABLE VII 


Frequency (cps) 


ee 


AVERAGE POWER SPECTRAL DENSITIES 
0-500 cps, NO FILTER, VANE FIXED 


140 
152 
IL 
-oZ 
Z12 
232 
252 
22 
292 
312 
332 
352 
S72 
392 
404 
408 
412 
432 
448 
452 
472 
492 
500 


Energy 


.00065 
.00017 
.00019 
.00013 
00012 
00025 
.00014 
.00030 
.00010 
. 00004 
.00009 


00005 


.00003 
.00009 
00022 
.00014 
.00007 
.00007 
.00057 
.00057 
.00055 
.00007 
.00002 


Frequenc c 


172 
192 


Average XFACT 
Average A(0Q) 


S 


Energy 


.13247 
.14017 
.01024 


00390 


.00220 
.00154 
.00118 
.00088 
.00073 
00063 
.00055 
.00045 
.00043 
.00041 
00025 
.00049 
.00031 
.00018 
.00018 
. 00030 
.00012 
.00015 
.00017 


. 79104 
529916 


TABLE 


VIII 


Frequenc 


212 
232 
236 
240 
244 
248 
252 
272 
292 
3F2 
320 
332 
332 
372 
392 
412 
432 
436 
440 
452 
472 
492 
500 
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AVERAGE POWER SPECTRAL DENSITIES 
0-500 cps, FILTER, VANE FREE 


Cc 


Energy 


.00021 
00028 
.00064 
.00084 
.00048 
.00013 
.00009 
00005 
.00003 
00005 
.00022 


00006 
-00008 


00006 
.00012 
.00013 
00021 
.00029 
00026 
-00013 
.00020 
.00016 


.00008 


Frequency (cps 


Average XFACT 
Average A(0) 


Wel 


AVERAGE POWER SPECTRAL DENSITIES 
0-500 cps, FILTER, VANE FIXED 


Energy 


. 10440 
~11572 
01525 
.00688 
00474 
00296 
00210 
.00190 
.00172 
.00136 
.00116 
.00119 
00123 
.00106 
.00063 
.00043 
.00059 
.00071 
.00028 
.00029 
.00030 
.00042 
.00038 
.00039 


. 82849 
NA aa 


TABLE IX 


Frequency (cps) 


56, 


232 
252 
272 
292 
BID 
316 
332 
352 
372 
392 
396 
400 
412 
432 
436 
440 
444 
452 
472 
476 
480 
492 
500 


Energy 


00036 
.00027 
.00037 
.00029 
.00020 
.00022 
.00030 
.00026 
00023 
,00040 
.00043 
.00041 
00029 
.00018 
.00035 
.00065 
.00066 
.00040 
.00075 
.00088 
00046 
.00012 
.00007 


TABLE X 


AVERAGE POWER SPECTRAL DENSITIES 
0-1000 cps, FILTER, VANE FIXED 


Frequenc cps Energy Frequenc cps Energy 

0 .09235 292 .00005 

4 .11094 312 .00007 

8 .02349 332 .00006 

12 .00879 352 .00007 

16 .00638 B72 .00005 

20 .00488 392 .00006 

24 .00298 412 .OOO011 

28 .00203 432 .00003 

32 .00166 452 .00006 

36 .00159 472 .00005 

40 .00146 492 .00007 

44 .00135 512 .00027 

48 .00120 bye \72 .00001 

Diz .OO1L11 592 .00001 

72 .00087 632 .00002 

92 .00048 672 . 00003 

112 .00068 72 .00003 

132 .00053 752 .00010 

152 .00035 792 .00016 

172 .00022 832 »00010 

192 .00014 872 .00017 

212 .00013 912 .00017 

Z32 .00028 952 .00008 

252 .00008 992 .00012 

272 .00007 1000 .00006 
Average XFACT = .84719 
Average A(O) = .15414 
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